The antioxidant and photo-protective efficacy of the extract and isolated compounds from the lichen Usnea rocellina Motyka were evaluated. The antioxidant activity was determined by scavenging the DPPH radicals and ferric reducing power. The photo-protective property of extracts and isolated compound against ultraviolet A (UVA) and B (UVB) radiations was measured in vitro by calculation of their sun protection factor (SPF), critical wavelength and UVA ratio comparing to commercialised sunscreens (avobenzone and benzophenone-3). 3-methoxycarbonyl-2-hydroxy-6-methoxy-4-methylbenzoic acid (1), reported here for the first time, along with (+)-(9b-R)-usnic acid (2) and decarboxythamnolic acid (3) were isolated. The structure of the isolated compounds was characterized by interpreting their spectroscopic (NMR, IR, UV), and spectrometric data. The findings of this study demonstrated that the compound 3 is a better antioxidant compared to other isolated compound and extract, and was similar to standard (BHT and ascorbic acid) ascorbic acid. On the other hand, 1 showed to be an UVB absorbing with a moderate in vitro SPF whereas 2 and 3 showed broad UVB and UVA absorbing properties. The possible skin penetration, determined by calculating octanol/water partition coefficients allowed to confirm this property in 2 and 3. These results suggest 3 as a dual agent with antioxidant and broad spectrum absorbing properties therefore it is able to prevent oxidative skin damage caused by solar radiation.
Introduction
In conditions of oxidative stress induced by ultra violet radiation (UV), reactive oxygen species (ROS) and reactive nitrogen species (RNS) can cause a variety of harmful effects in skin, including premature photo-aging, photo-toxicity, induction of photo-allergy, photo-immunosuppression and skin carcinogenesis. Chronic exposure to solar UV radiation (both UVA and UVB) is the initial step for generation of ROS and RNS in skin 1 . For that reason, the modulation of ROS and RNS production by applying topical sunscreens to protect skin from UV exposure is the main strategy for its protection. Moreover, strengthening the skin´s endogenous antioxidant defence by topical or systemic administration of exogenous antioxidants prevents the production of free radical or reactive species and minimizing its deleterious effects to biological Lichens are symbiotic organisms consisting in a fungus (mycobiont) and algae or cyanobacteria (phycobiont). It presumed that lichens biosynthesize characteristic secondary metabolites of fungal origin and utilized it for their own protection against environmental stress 3 .
The lichens are among of the hardiest organisms and thrive in some of the harshest environments. Of particular interest, is that lichens can survive in conditions of intensive UV exposure which would certainly damage man, such as the outer space . We planned to validate the novel antioxidant and photo-protective compounds isolated from lichens, Usnea roccellina Motyka (Parmeliaceae). This species grows directly exposed to sun on sedimentary rocks of the top of Eastern Mountain Ridges (altitude 2750 to 3100 m) belonging to the Colombian Eastern Andes and not yet phytochemically investigated. Herein, we describe for the first time the isolation and structural elucidation of a phenol compound (1) , along with two common metabolites ( Figure 1 ). They were tested for antioxidant activities using DPPH• and ferric reductor power assays as well as their in vitro photo-protective capacity as UVA and UVB absorbing molecules was determined by calculation of their sun protection factor (SPF), UVA ratio (UVA-r) and critical wavelength (crit). Since these compounds could be used in the dermo-cosmetic field to protect the skin, their octanol/water partition coefficients (P) were also calculated as a first approximation of their liposolubility and their possible skin penetration 5 .
Materials and methods

Lichen material
Usnea roccellina Motyka (Parmeliaceae) was collected from sedimentary rocks of Eastern Mountain Ridges (altitude 2805 m) in Bogotá (Colombia) at geographic location 4° 42.412" N; 74° 1.387" W. A voucher specimen (COL519008) was deposited at the National Colombian Herbarium. The identification was determined by R.
Davila (National Foundation for Colombian Biodiversity Study).
Ethics statement
U. roccellina was collected under permit number 13 (august 24 
General Experimental Procedures
Solvents were analytical reagent. Melting points were determined on a Büchi SMP-20 apparatus and are uncorrected. IR spectra were recorded on a Perkin-Elmer FTIR/FIR Paragom 500 Spectrum in KBr and UV spectra on a Shimadzu 1700 UV-VIS spectrometer in MeOH. Optical rotation was measured on a JASCO DIP-360 polarimeter in CHCl3. NMR spectra, including HMQC and HMBC experiments were recorded on a Bruker Avance 400 at 400 MHz 
Extraction and isolation of constituents
Air-dried and grinded U. roccellina (143 g) was extracted with methanol in the dark at room temperature by direct sonication (periods of 10 min). The filtered extract, was concentrated under vacuum to yield the dried extract (24 g). From the extract, a solid (2 g) precipitated, which was subjected to re-crystallization from CH2Cl2:MeOH (2:1) mixture to yield usnic acid (2) (1.44 g, 1.0%).
The remaining dried extract (20 g) was submitted to open Si gel (400 g) CC (1% oxalic acid) and eluted with a gradient of n-hexane- 
Ferric reducing power
The ferric reducing power (FRP) of the extract and isolated compounds was determined according to Atalay et al. 9 . This assay measures the intensity of the Perl"s Prussian blue complex produced by the conversion of ferric (Fe 3+ ) to ferrous (Fe 2+ ) ions.
The samples and control solutions (10-500 ppm) were prepared in methanol, and their absorbance were measured at 700 nm by using UV spectrophotometer. The higher absorbance of sample exhibited the higher antioxidant activity. AA and BHT were used as positive controls.
In vitro photo-protective capacity
Sun protection factor
Sun protection factors (SPF) were determined by the in vitro screening method of Mansur et al. 10 . Avobenzone (AVO) an UVA sunscreen and benzophenone-3 (BZ3) an UVB and UVA2 sunscreen 11 (Sigma Aldrich) were the positive controls. The samples were diluted in absolute ethanol (10, 50, 100 and 200 ppm).
Subsequently, a spectrophotometric scanning (290-400 nm) with intervals of 1 nm, was performed in quartz cell (1 cm) using ethanol as blank. Calculation of SPF was obtained according to:
Where EE (λ): erythemal effect spectrum; I (λ): solar intensity spectrum; Abs (λ): absorbance of sample; CF: correction factor (=10). Values of EE x I are constants 12 .
Critical wavelenght
The critical wavelength (crit) was calculated according to:
Where Abs: sample absorbance. The area under the absorbance curve (AUC) in the range of 290-400 nm was set as 100% and crit was calculated as the wavelength at which 90% of the AUC was reached 13 .
UVA ratio
UVA ratio (UVA-r), is the ratio of the total absorption in UVA and UVB regions reflecting the capacity of a pure product to protect against both radiations. It was calculated according to Springsteen et al. 14 following the equation: 
Partition coefficient (P) calculation
The partition coefficient (P) expressed as logP of isolated compounds and commercial sunscreens (AVO, BZ3) were calculated using ACD log P version 1994-2002 (www.acdlabs.comversion free).
Statistical analysis
EC50 values were analyzed with TableCurve 2D ® version 5.0.
Statistically significant differences were calculated by Student"s ttest. Values were considered significantly different at p<0.05 and are expressed as mean ± standard deviation.
Results and Discussion
Human skin irradiation with UVB (290-320 nm) has been recognized as the cause for skin erythema (sunburn), and cumulative exposure leads to DNA damage and immunosuppression, eventually prominent to skin cancer 1 . The exposure of skin to UVA (320-400 nm) radiation, it enhances the production of ROS and RNS in skin.
Further it causes inflammation, immunosuppression, gene mutation and carcinogenesis 1 production of free radical. Consequently, it protect skin from the deleterious effects of reactive oxygen and nitrogen species 2 . Most commercial sunscreens are designed to prevent sunburn on the assumption that this activity will also prevent skin cancer 15 .
However, the dramatic increase in skin cancer incidence rates 1 making it a public health problem and demonstrates the inadequacy of traditional sun protecting agents, emphasizing the need to look for new, alternative molecules, specially with a good absorption in the UVA spectral range.
The polyfunctionalized aromatics, mycosporines and scytonemin isolated from lichens act as UV-filters because they absorb UV rays.
No any harmful effect seen inside the lichens, and they grow easily under exposure of UV radiations. This is happening due to their antioxidant propery 
Isolation of constituents
Methanol extract was fractionated and separated by a combination of column chromatography and re-crystallization methods to afford 3-methoxycarbonyl-2-hydroxy-6-methoxy-4-metylbenzoic acid (1), (+)-(9b-R)-usnic acid (2) and decarboxythamnolic acid (3) (Figure 1 ).
Compound 1 is reported here for the first time. Its chemical structure was determined by spectroscopic and spectrometric methods, whereas the identity of 2 and 3 was determined by analysis and comparison of their experimental spectroscopic data with published data 16 (Huneck &Yoshimura, 1996 . In order to confirm this, the same extraction process but using acetone, was conducted on a new lichen sample and the resulting extract was then analyzed by HPTLC using 1, 2 and 3 as standards. Due to the extract presented the same profile at both conditions with spots corresponding to 1 (Rf = 0.47 (G)) (Figure 2 ), it was concluded that it is a natural substance, and therefore, it is possible that is a biogenetic precursor of 3.
Antioxidant activity
Free radical scavenging activity
Decarboxythamnolic acid (3) showed the highest DPPH  scavenging activity (Table 2) since it had the lowest EC50 whereas (+)-(9b-R)-usnic acid (2) and 3-methoxycarbonyl-2-hydroxy-6-methoxy-4-metylbenzoic acid (1) were practically inactive. The activity of 3 was similar to commercial antioxidant AA (p0.05) and less than BHT (p0.01) used as controls. Comparing free radical scavenging activities of isolated compounds vs the extract (EUs), compound 3 was also the most active (p0.01), whereas EUs was also practically inactive. Previous studies 9 agree that (+)-(9b-R)-usnic acid is inactive as DPPH  scavenger.
Reactivity of lichen compounds as free radical scavengers
The reactivity of 1, 2, 3 and BHT as DPPH form resonance stabilised phenoxyl radicals more efficiently than 1.
Since decarboxythamnolic acid (3) had a k2 value lower than BHT, which in turn, has a slow kinetic behavior 8 it means that 3 could be used to prevent oxidative damage during extended periods of time in a similar manner than BHT the active principle in U. roccellina and that it can act transferring electrons to reactive free radicals in order to stabilize them. 
In vitro photo-protective capacity
Sun Protection Factor
The sun protection factor (SPF) is the "ratio of the minimum amount of energy required to produce minimally detectable erythema (3) (1.66 ± 0.07) as well as controls avobenzone (AVO) (4.08 ± 0.12) and benzophenone-3 (BZ3) (4.02 ± 0.15) had "low" UVB photoprotection whereas the extract (EUs) (0.68 ± 0.16) was inactive.
Increasing the concentration of sample, the UVB photo-protective properties were also increased. At 50 ppm compounds 1, 2 and 3 had "medium" whereas controls had "high" UVB photo-protective capacity and the EUs began to show "low" UVB photo-protection. At 100 ppm, compounds 1, 2 and 3 showed a "high" UVB photoprotective capacity whereas that of controls was "very high" and that of EUs was "medium". At the highest tested concentration (200 ppm) 3-methoxycarbonyl-2-hydroxy-6-methoxy-4-metylbenzoic acid
(1) (31.25 ± 1.01), (+)-(9b-R)-usnic acid (2) (29.01 ± 1.24) and decarboxythamnolic acid (3) (30.38 ± 1.12) as well as controls avobenzone (AVO) (38.07 ± 0.18) and benzophenone-3 (BZ3) (28.55 ± 0.21) showed a "very high" UVB photo-protective capacity whereas that of the extract (EUs) (17.94 ± 0.53) was "high". The fact that UVB photo protective capacity of EUs have increased with an increase in its concentration, may suppose that compounds 1 , 2 and 3 are in it in higher concentration and therefore are responsible of its activity. Due to the SPF of 1, 2 and 3 were no significantly different (p0.05) than SPF of benzophenone-3, which in turn is a commercial declared UVB filter 11 (Sambandan & Ratner, 2001 ), may it infer that they all have UVB photo-protective properties similar to this sunscreen. Previous studies 18 describe (+)-(9b-R)-usnic acid (2) as a good UVB absorbing compound which is in accordance with our findings.
Critical wavelength
Nowadays, the United States Food Drug Administration (FDA) 13 has set a stronger emphasis on UVA photo-protection, becoming a target for enhanced sunscreen efficacy. The FDA has adopted a pass/fail in vitro test in order to assess UVA or broad spectrum protection of a sunscreen measuring its critical wavelength (crit).
Critical wavelength is defined "as the wavelength at which 90% of the total area under the absorbance curve resides, with the absorption measures across the UV spectrum from 290 to 400 nm" 13 . According to FDA, a five-point scale ranging from 0 to 4 is used to classify products as more or less UVA sunscreens: 0 (crit < 325 nm); 1 (325 ≤ crit < 335); 2 (335 ≤ crit< 350); 3 (350 ≤ crit < 370); 4 (370 < crit). In addition, the FDA have specified that only products with a crit equal to or greater than 370 nm can be labeled as broad spectrum. The FDA has let to claim that if a sunscreen meets this criteria and also have an SPF higher than 15 ""if used as directed with other sun protection measures, decrease the risk of skin cancer and early skin aging caused by the sun""
13
.
The critical wavelength (crit) of isolated compounds, extract and controls is shown in Table 3 . According to FDA scale compound 3-methoxycarbonyl-2-hydroxy-6-methoxy-4-metylbenzoic acid (1) (334.2 ± 2.3) can be classify with number 1 or as with "low coverage against UVA radiation", benzophenone-3 control (BZ3) (350.58 ± 0.58) with number 2 or with "medium coverage against UVA radiation" which is according with its declared photo-protective capacity as mainly UVB sunscreen or with the "highest coverage against UVA radiation". On the other hand, due to compounds 2, 3 and AVO (at 100 ppm) have also a SPF greater than 15 which is indicative of being a UVB radiation protector, besides to their crit370 which is indicative of being a UVA radiation protector, they can be considered as broad spectrum sunscreens. EUs meets these criteria but only at 200 ppm. This activity may be related to the presence of (+)-(9b-R)-usnic acid (2) and decarboxythamnolic acid (3) in the extract. 
UVA ratio
As a complementary measure to determine the efficiency of lichen substances such as sunscreens against UVA radiation, UVA ratio (UVA-r) was determined ( Table 3 ). The UVA-r is a criterion reflecting the broadness of the UV spectra and hence "the capacity of a pure product to protect against UVB and UVA" 14 . According to UVA-r scale, control AVO showed the highest values (UVA-r: 2.42 to 4.18) at all tested concentrations, which is according to its declared properties as a UVA sunscreen 11 . Control BZ3 (UVA-r ca. 1.0) also showed UVA protective properties, which is according to its declared properties as a UVB but also UVA2 sunscreen between UVA/UVB absorption of radiation, it means that they have both UVA and UVB photo-protective properties 14 . Previous studies 18 described 2 as a good UVB filter however in the present study it was also found that it has UVA photo-protective properties. Since 1 has UVA-r value ca. 0.4 it had a moderate UVA photo-protection predominating its UVB properties. 
Partition coefficients (P)
The partition coefficient (P) expressed as LogP is used to predicting the degree of skin penetration since it is indicative of the liposolubility of a substance which in turn is related to its permeability of passage through biological membranes by passive The findings of partition coefficient exhibits that the sample were non polar nature and hence it easily penetrate through the skin and also it enhance the bioavailability of drug.
According to calculated CLogP (Table 3 
Conclusions
Till no scientific data of isolation of 3-methoxycarbonyl-2-hydroxy-6-methoxy-4-methylbenzoic acid from Usnea roccellina Mot. were reported. Due to the bioactivity of isolated compound was not reported hence we are the first to carried out this research. It showed to be an UVB absorbing with a "very high" in vitro SPF and moderate UVA protection without antioxidant properties.
Additionally, decarboxythamnolic acid was also isolated and it absorbs UVB and UVA radiations and it has antioxidant activity.
Therefore, it could be used in the dermo-cosmetic field to protect the skin from oxidative stress induced by UV radiation. Further investigations (cytotoxicity, photolability) are in progress on this promising molecule. Information from this study should be a valuable reference for future studies on antioxidant and photoprotective activities of lichens growing in Colombian Eastern Andes.
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